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Abstract 
The aim of this study was to explore pre-service primary science teachers' understandings of the moon's 
phases and lunar eclipse. The survey approach was used as the research method. The sample consisted of 
one-hundred and five first year pre-service primary science teachers. As a tool for data collection, a test 
composed of six open-ended questions that drew on the scholarly literature, developed by the researchers, 
was used. The data from students’ responses was analyzed descriptively. The statistical analysis indicated 
that the chi square statistics calculated is significant at a level of 0.05, suggesting that the observed 
frequencies’ differences among various levels of understanding are not due to chance. The findings 
showed that pre-service primary science teachers' understanding of the moon's phases and lunar eclipses 
was rather weak and that they hold common misunderstandings, suggesting that traditional instruction 
approaches are not enough to achieve meaningful, conceptual learning and must be replaced with 
alternative approaches. 
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1. Introduction 
In the last three decades, science education research has made great progress. (Nurrenbern and Pickering, 
1987; Gabel, 1999). Research on student understanding of scientific phenomena indicates that student 
explanations, also called misconceptions, are often inconsistent with, inferior to, and incapable of 
explaining observable phenomena compared to the scientifically accepted descriptions (Andersson, 
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1986). It is known that students of all ages widely misunderstand natural phenomena (Mulford and 
Robinson, 2002), one of which is astronomy. The literature shows that students at all levels hold some 
common misconceptions in basic astronomy and their level understanding is rather low (Sherrod  and  
Wilhelm 2009; Cid  and Lopez 2010; Kavanagh et al., 2005; Baxter, 1989; Zeilik and Bisard, 2000; 
Trumper ,2001; Callison and Wright, 1993; Schoon, 1992; Bekiroglu, 2007).  
 
National Science Education Standards (National Research Council, 1996) recommend that fundamental 
astronomy concepts be included as an important part of every child’s education. Among these are the 
Earth’s spherical shape and gravity, phases of the Moon, and solar and lunar eclipses (Kavanagh et 
al.,2005). Understanding the solar system involves a number of related conceptual areas that are clearly of 
importance in relation to children’s existing frameworks. They include an understanding of spatial aspects 
of the Earth, a conception of day and night, of seasonal change, etc. (Trumper 2001). It has been 
determined that children have particular difficulty understanding the cause of lunar phases (Baxter, 1989; 
Lightman and Sadler, 1993; Zeilik and Bisard, 2000; Trumper, 2001; Sherrod and Wilhelm 2009). The 
most prevalent misconception regarding the cause of lunar phases is that Moon phases are the result of 
the Earth’s shadow. This is not only common among children but many adults as well. In research with 
Australian teacher trainees, it was found that only 40% disagreed with the statement that ‘The moon 
changes shape because of the varying amounts of the Earth’s shadow cast upon it’ (Skamp,1998). This 
information is valuable to teachers and curricula designers when creating units of study to correct this 
common student misconception (Sherrod and Wilhelm, 2009) 
 
Previous research shows that there are some frequently occurring notions displayed by children aged 9–
16 regarding the phases of the moon: “Clouds cover the part of the moon that we cannot see”, ”Planets 
cast shadows on the part of the moon that we cannot see”, “The shadow of the sun falls on the moon, 
blocking our view of it”, and “The shadow of the earth falls on the moon” (Baxter, 1989). Although the 
various alternative conceptions exist, the most commonly held notion for the causes of lunar phases is that 
the earth casts a shadow on the moon: the eclipse explanation.  There are some other research findings in 
which students use the eclipse explanation to explain the phases of moon  ( Bisard et al., 1994; Callison 
and Wright, 1993; Schoon, 1992). Durant et al. (1989; cited in Trumper 2001) carried out research in 
Britain and in the USA, which indicates that only 34% of Britons and 46% of Americans appear to know 
that the Earth goes round the Sun once a year. A poll carried out in parallel in France (Acker and Pecker 
1988) showed that about 33% of the public still believed that the Sun orbits the Earth.  Lightman and 
Sadler (1993, cited in Trumper 2001) found that students in grades eight through twelve (from 13 to 18 
years old) shared some of the conceptions held by elementary school children. Less than 40% knew the 
correct characteristics of the Moon’s revolution. Moreover, less than 30% of the students had a correct 
conception about “the reason for the change in the Moon’s phases”, the Sun overhead at noon” and “an 
estimation of the Earth’s diameter”. 
 
In an interdisciplinary study conducted to investigate science misconceptions held by groups of students 
ranging from middle school through university, Bisard et al. (1994; cited in Trumper 2001) determined 
that future general elementary teachers have about as many misconceptions concerning the topics covered 
in this survey as typical middle-school students. In addition, their findings showed that majority of 
students believed that the Earth was some way involved in producing lunar phases, either through the 
Earth’s shadow obscuring portions of the Moon or by sunlight reflecting off the Earth and clouds.   
 
There have been many studies conducted with university students, pre-service teachers and in-service 
teachers related to the moon and some lunar phenomena (Parker and Heywood, 1998; Summers and 
Mant, 1995; Suzuki, 2003; Trumper, 2003; Bekiroglu, 2007). From the study by Suzuki (2003) the 
findings revealed that pre-service teachers believed that the Moon could only be seen at night. In a study 
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of primary school student-teachers, Trumper (2003) found a considerable number of students 
misunderstood the role of the Earth and Sun in the cause of Moon phases, a great proportion of students’ 
reasons for seeing the same side of the Moon was that the Moon did not rotate on its axis, and some of the 
students claimed that the moon only revolved around the Earth and not around the Sun. Much research 
has been conducted to determine both children’s and adults’ understandings of moon phases (Callison and 
Wright, 1993; Trundle et al., 2002; Bekiroglu, 2007).  
 
The literature shows that there are a number of studies about students’ understandings of the phases of the 
moon and lunar eclipse. But there exist few studies of pre-service primary science teachers’ 
understandings of phases of moon and lunar eclipse. Therefore, the question of the research was: What 
are pre-service primary teachers’ understandings of the phases of moon and lunar eclipse? 
2. Method  
2.1. Research design 
This research utilized the survey method. Surveys are used to learn about people’s attitudes, beliefs, 
values, demographics, behavior, opinions, desires, ideas, and other types of information. This method is 
very popular in education, primarily for three reasons: versatility, efficiency and generalizability. 
(Mcmillan and Shumacher, 2006, p.233) 
2.2. The sample 
The sample consisted of one-hundred five first year pre-service primary science teachers (aged 17-23 and 
66% male, 34% female) enrolled in the Science Teacher Training Department at AIC University, Turkey. 
2.3. Data collection tool 
To reveal student understanding of lunar phases and eclipse, six open-ended questions developed in 
consultation with the literature (Bekiroglu, 2007; Trumper, 2001; Sherrod and Wilhelm 2009) were 
developed by the researchers. All questions were piloted and required modifications were made prior to 
the administration. The content validity of the questions was assessed by the researchers. The questions 
are about:  
The cause of the phases of moon 
The cause of the moon’s rising while the sun is setting in evening  
The cause of why we always see the same face of the moon 
Lunar eclipse (illustration) 
Tide phenomena  
The phases of the moon in different locations on the earth in same day. 
 
2.4. Analysis of data 
The students’ written responses were read individually by the researchers and categorized (see Table 1 
and 2) with respect to the scheme developed by Haidar and Abraham (1991). The reading of students’ 
written responses by the three researchers aimed to check the reliability of the research. The similarity of 
the findings from three researchers suggested consistency in the analytical process. The findings, which 
were originally Turkish, were translated into English. The excerpts supporting the results from the written 
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responses were given. Furthermore, chi square analysis was conducted to determine whether the 
differences in the number of responses observed for each response category result from random effects. 
Table 1. The scheme developed by Haidar and Abraham (1991) to categorize student responses 
Code. The criteria used to classify the responses 
R1 No response or no explanation  
R2 No understanding: irrelevant explanations or answers such as “I do not know”, ”I have no idea” 
or ” I do not understand” 
R3 Misunderstanding: explanations that attempt to describe the target concept but do not match the 
scientific conception 
R4 Partial understanding: incomplete but correct explanation 
R5 Sounds understanding: explanation that includes all components of the science concept 
 
3. Findings  
From chi square analysis performed using data from Table 2 to determine whether variability of the 
response for each response category are statistically significant, it was established that the minimum 
expected value is 5.98 and there is no cell with an expected frequency less than 5. The analysis showed 
that the calculated statistics are significant at a level of 0.05 (χ2 (20) = 21.09; p=0.00). It means that the 
observed frequencies differences among categories are not due to chance. And, the high frequency 
observed in code R3 could not be attributed to random effects. 
Table 2. Distribution of pre-service teachers’ responses to the response categories (N=105) 
 R1** R2 R3 R4 R5 
Question 1 25* 26 50 3 1 
Question 2 26 32 28 9 10 
Question 3 11 31 51 7 5 
Question 4 13 4 46 3 39 
Question 5 55 16 8 12 16 
Question 6 6 12 75 2 10 
   Total 
  Mean  
136 
22.7 
121 
20.2 
 
258 
43.0 
36 
6.0 
81 
13.5 
       %*** 21.6 19.2 41.0 5.7 12.9 
 
* The number of students, ** The codes corresponding to the classification in Table 1 
*** % = mean /the total number of students x 100 
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Table 3. Individual misunderstandings identified from the student responses  
                                         Misunderstanding identified (R3 ) N % 
Q1* 
The amount of the light coming from the sun to moon changes with times. So, the  
phases  of moon  appear  8 7.6 
 Cause of the phases  of moon is change of seasons 8 7.6 
The phases of the moon are due to the change in incidence angle of sun rays to 
moon.  9 8.5 
The  phases  of the moon are the result of  rotation of the earth around its own axis 6 5.7 
The  phases  of the moon result from the difference between day and night 
durations 6 5.7 
The moon comes near to the earth and sometimes moves away. The phases of 
moon occur because the earth’s shadow fall on the dark side of moon when they 
come close each other. 
7 6.7 
When the earth passes between the moon and sun, the earth’s shadow falls on a 
part of the moon, so the phases  of moon  occur  6 5.7 
Total**  50 47.6 
Q2 
The cause of the rising of the moon in the evening and then falling is due to the 
fact that  the sun comes close to moon or moves away from it  17 16.2 
The cause of the rising of the moon in evening and then falling is related to the 
rotation of the earth around the sun   11 10.5 
Total  28 26.7 
Q3 
All surface of the moon is homogeneous. In fact we see all faces of the moon in 
time. It is an illusion 8 7.6 
In different countries, various faces of the moon are visible  8 7.6 
That the same side of moon always face the earth is related to the seasons 10 9.5 
We always see the same face of the moon, because rotation velocities of the earth 
and the moon are equal, 25 23.8 
Total  51 48.6 
Q4 Lunar eclipse  takes place when the moon goes between the earth and the sun  32 30.5 Lunar eclipse takes place when the sun goes between the earth and the moon 14 13.3 
Total  46 43.8 
Q5 Lunar tide is related to annual rotation of the earth 4 3.8 Lunar tide is related to cooling and warming of air 4 3.8 
Total  8 7.6 
Q6 
In different countries, different phases of the moon appear in the same night 
because of weather conditions.  9 8.5 
In different countries, different phases of the moon appear on the same night 
depending on the hemisphere in which a country is located 46 43.8 
In different countries, different phases of moon appear in the same night depending 
on  the place line on which country is located 
 
20 19 
Total  75 71.4 
*Q: Question number; N: The number of students; %: the percentage of students in proportion with the 
entire sample; **corresponds the numbers in R3 column in Table 2 
 
As can be seen in Table 3, the analysis of student responses to the first question showed that fifty pre-
service teachers, almost half of the sample, had significant misunderstandings of lunar phase and eclipse. 
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It is apparent from the same table that they hold distinctive misunderstandings related to the cause of 
lunar phases, some of which is new in the literature. The percentages of misunderstandings encountered 
in the responses changes between 5.7 and 8.5. For this question, while only one student is at the “sound 
understanding” level, just three of them exhibit partial understanding, which is a rather low proportion. 
Findings of the analysis showed that the most prevalent misunderstanding is the idea that the “phases of 
moon are due to the change in incidence angle of sun rays to moon.” However, other misunderstandings 
were observed in the similar proportions within the sample. The results from analyses of question 2 
indicated two prevalent misunderstandings: “the phases  of the moon  are due to the fact that  the sun 
come close to the moon  or move away from it” (16.2%) and “the  phases  of the moon  are related to 
rotation of the earth around the sun “(10.5%) 
 
When the results of question 3 are examined, four misunderstandings can be seen. It is clear from Table 2 
that the number of students with sound understandings is rather low; just five students. However, the 
responses of 42 pre-service teachers were coded as “no response” and “no understanding. The analysis 
results regarding fourth question demonstrated that 13 and 4 students were classified as “no response” and 
“no understanding” levels, respectively, which are the lowest total numbers observed for the two 
categories in the table. A considerable number of them (forty two students) have partial and sound 
understandings. It appears that the majority of students (46 students) hold two common 
misunderstandings: “Lunar eclipse takes place the moon go between the earth and sun”(30.5%) and 
“Lunar eclipse takes place the sun goes between the earth and the moon”(13.3%). In question 5, the 
number of pre-service teachers categorized as “no response” and “no understanding” is 55 and 16, 
respectively, which are the highest values in the table, but a minority (7.6% in comparison with entire 
sample) demonstrated two misunderstandings. 7.6% of them thought that lunar tide is related to annual 
rotation of the earth or to cooling and warming of air. 
 
The results from the analysis of the last question showed the highest number of misunderstanding, a total 
75 students (71.4%). The majority of them (43.8%) hold the view that in different countries, different 
phases of the moon appear in the same night depending on the hemisphere in which the country is 
located”. Again, 27.5% of them had the misunderstandings that “in different countries, different phases of 
moon appear in the same night depending on the place on which country is located or weather 
conditions. By considering the number of students with sound understanding and the total student number 
it was calculated that only an average of 13.5 (Table 3) pre-service teacher demonstrated sound 
understanding. A mean of 13.5 corresponds to only 12.9% of a total of 105 student teachers. It can be 
inferred that in comparison with 41%, the percentage (12.9%) of the students holding an acceptable, 
sound understanding is considerably low.  
4. Discussion 
Student teachers hold the idea that “the amount of the light coming from the sun to moon changes with 
times. So, the phases of the moon appear.” It seems they think the amount of the sun rays reaching the 
moon decrease for unknown reasons. Some students incorrectly relate the phases of moon to the change 
in the incidence angle of sun rays to moon, instead of earth. Some of them explain the phases using the 
change of seasons, rotation of earth around its own axis, the difference between day and night durations 
and earth’s shadow falling on the moon.  The last explanation was also reported by previous researches 
(Bisard et al., 1994; Callison and Wright, 1993; Schoon, 1992). The following excerpts taken from 
written responses support this view: 
 
I know that the amount of rays reaching to moon from the sun vary with time. This situation leads to 
moon phases we see in sky, such as half or full moon  
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I think that the phases of moon is resulted from gradual changes of four seasons     
While moon move, depending on this situation, the sun send the rays to moon in varied angles 
I think that if the earth had no rotation on it own axis there would no the phases of moon  
Duration difference between day and night is the reason why the phases of moon occur 
Earth’ shadow is the main reason of moon phases     
While moon approach to earth, shadow of earth begins to fall on moon surface. The more this overlap, 
the more much area of moon become dark    
I think that its reason is movement of the earth into region between moon and the sun.     
So, the earth in front of the sun gives rise to the shadow on the moon  
 
The results from question 2 indicated that students believed that the rising and falling of the moon during 
the night is related to the fact that the sun comes close to moon or moves away from it, or rotation of the 
earth around the sun. Some quotations from written responses are given below as an example. 
 
The moon arise in evening and then begin falling with respect to being close or far of the sun to moon  
It is due to   rotation of earth around the sun  
  
The findings from Third question revealed that although the valid knowledge that we always see the same 
face of moon is given in the question, eight students do not believe it and consider it to be false. 
Accordingly, one other group holds the view that various faces of the moon are visible for different 
countries. 25 students tried to explain this situation with reference to the equality of rotation velocities of 
the earth and moon. It is clear that they harbour an implicit misunderstanding: the moon move around its 
own axis.  Some excerpts given below support this interpretation. 
 
I don’t believe that. In fact, we, due to gradual rotation movement of moon, see all surfaces in time. 
I think it is dependent on location.  For example, in USA, it can be seen a distinct side of moon from this 
place 
It is not true. Thanks to the seasons, visible surface become constant  
I ascribe it to equality of velocities of rotation of the earth and moon 
 
From the analysis of question four it was found that misunderstandings about relative locations of sun, 
moon and earth during lunar eclipse were widespread. As can be seen in the excerpts below, while some 
students advocated the order sun-moon-earth, some of them preferred the order earth-sun-moon, both of 
which are significant misunderstandings, indicating students’ knowledge levels of basic astronomical 
phenomena. 
 
Whenever moon move between the earth and sun, lunar eclipse appear 
The sun, during its rotation, sometimes is located somewhere between the earth and moon, then lunar 
eclipse occur 
 
Question five aimed to explore how students relate tide phenomena to celestial movements. As can be 
seen in Table 3, students, although in low proportion, regard the cause of tide as the annual rotation of the 
earth or weather conditions, such as cooling  an warming of air, which are  newly encountered 
misunderstandings for pre-service teachers. The written responses given below represent this view. 
 
I suppose it depend on rotation of the earth 
It is resulted from weather situation such as warm or cool air 
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The last question intended to probe student teachers’ understanding of whether, in different countries, 
different phases of moon appear in the same night. The results showed that majority of them 
predominantly believed there exist different phases of the moon on the same night in the skies of different 
countries. Excerpts below from responses represent this notion: 
 
For example, in Japan, in the same night, somebody will see a different moon phase, because Japan is 
located in other side of the earth 
I think it is related to the hemisphere. While I see a phase of moon in north hemisphere, someone will see 
another phase in other hemisphere. 
 
Trumper (2003) acknowledges that students frequently come to their lessons having constructed their own 
explanations for many of the easily observed astronomical events, and that these children’s notions are at 
variance with the accepted view.  Some of the researchers (Parker and Heywood, 1998) agree that 
students’ unfamiliarity with optics, geometry, and light is a main reason for the learning difficulty of the 
moon-related concepts. Again, Trundle et al. (2002) emphasized that students’ conceptions of the lunar 
events might be related to their naïve knowledge and/or their understanding of some physics concepts. 
Physics and astronomy have topics that are highly spatial in nature i.e., electricity and magnetism, 
seasons, lunar phases. These topics are usually presented using two-dimensional 2D representations, some 
of which might reinforce preconceived ideas or introduce new misconceptions about the three-
dimensional 3D system (Cid and Lopez, 2010). Students must grasp multiple concepts such as 
perspective, light, and angles as well as the waltzing motion of two astronomical bodies in order to 
adequately comprehend how the Moon’s phases occur. To complicate matters, these young learners bring 
a hodge-podge of ideas to the classroom with which to express their understanding. Therefore, instruction 
of this complex phenomenon has proven to be challenging for teachers (Sherrod and Wilhelm, 2009). Cid 
and Lopez (2010) and Kavanagh et al. (2005) stressed that another problem of teaching basic 
astronomical concepts is textbooks. In textbooks, lunar phenomena usually are given in two-dimensional 
illustrations. They point out that the 2D representations can give rise to misunderstandings.  So the mental 
manipulation of 3D images can play a role in developing students’ understanding of these concepts. 
5. Conclusions and Recommendations  
The findings of this research revealed that student understandings of the phases of the moon and lunar 
eclipse are low and they hold some common misunderstandings. Only an average of 13.5 of them, making 
up 12.9% of total number of pre-service teachers, demonstrated an acceptable, sound understanding. 
About half of them (41%) have common misunderstandings, suggesting that the undergraduates have 
considerable difficulty understanding the phases of the moon and lunar eclipses. The investigation of 
student teachers’ misunderstandings is significant because of its contributions to the construction of new 
teaching approaches, which can take into consideration students’ difficulties in learning scientific 
concepts (Azizoglu, 2006). The results of the study have the great importance of prospective teachers who 
will be teachers in the coming years and teach these concepts to many primary students, because their 
understanding will directly affect their primary students’ understandings (Aggul Yalçin, 2012). This study 
identified a total of twenty misunderstandings held by pre-service teachers about the phases of the moon 
and lunar eclipses. The findings of the present study suggest that a revision of the traditional instruction 
approach used commonly in science courses and alternative teaching methods should be considered in 
order to enhance student understanding of science topics. It is clear that the lack of knowledge of 
fundamental concepts and issues may result in subsequent misunderstandings. Therefore, care has to be 
taken to establish solid knowledge of fundamental chemical ideas before teaching advanced ideas. It is 
important that prospective teachers develop conceptual understanding of science concepts, because they 
will teach those concepts on their own students in the near future (Aggul Yalcin, 2012). Although it is not 
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appropriate to generalize the findings from this single, limited study, the results suggest that 
misunderstandings identified in this study can also be seen at other levels and in other grades.  
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